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Belugas (Delphinapterus leucas) caught by hunters from various hamlets in the Arctic differed in the concentrations of organochlorine contaminants in their blubber. By applying Canonical Discriminant Analysis (CDA) it was possible to separate all seven sampling locations from each other. Over 90% of the samples could be classified back to their landing location based on the data transformations developed by CDA. This analysis suggested that "stock" or management unit for belugas is best described by the culturally transmitted behaviour of their migration route. The analysis also provides evidence that most belugas caught by hunters from Grise Fiord are not the same as belugas caught while migrating along West Greenland; that some belugas caught in Sanikiluaq are not the same as beluga caught in the Nastapoka River estuary; and that the belugas caught in Kimmirut are not the same as belugas caught in Cumberland Sound. There is a need to redefine the stock descriptions of some belugas in Canada and Greenland. 
I IN NT TR RO OD DU UC CT TI IO ON N
I t has been recognised since the late 1960's that most piscivorous marine mammals have high concentrations of lipophilic organochlorine (OC) pollutants in their blubber, and that monitoring these populations could be used to identify geographical and temporal trends in concentrations (Holden 1970 , Muir et al. 1992 , AMAP 1997 . Organochlorine contamination has been used to differentiate between schools of eastern Atlantic long-finned pilot whales (Globicephala melas) on the basis of differences in the concentrations of total (∑) PCBs and ∑DDTs and ratios of two groups of contaminants (∑DDE/∑DDT and ∑DDT/ ∑PCB) (Aguilar 1987 , Aguilar et al. 1993 .
Similarly, Stern et al. (1994) found significant differences in the concentrations of ∑DDTs and ∑PCBs and ratios of summed OC classes among beluga (Delphinapterus leucas) blubber samples collected in West Greenland, Jones Sound, Hudson Bay, Cumberland Sound, the Beaufort Sea and the St. Lawrence River estuary. While the mean concentration of OCs such as ∑DDTs and ∑PCBs were different, the distributions of any contaminant concentration in beluga blubber from the Canadian Arctic and Greenland overlapped. Thus it was difficult to assign a beluga to a stock based on only one contaminant. Additionally, the large number of OCs identified in modern analyses makes it possible to find univariate differences between sampling locations or sampling times due to statistical chance, to differences in the sex ratio, or to the age of animals taken in the hunt. Muir et al. (1996) showed that belugas from the St. Lawrence River estuary could be distinguished from belugas found dead on the east coast of Newfoundland, and from a limited number of Arctic beluga, based on principal components analysis of OCs in blubber. Here we apply a multivariate technique to OC concentrations in blubber samples to distinguish stocks of Arctic belugas.
We hypothesise that both absolute and relative proportions of each contaminant will vary among stocks of belugas due to the combined effects of transfer through lactation and the difference in feeding ecology associated with differences in migration routes. The differences in OC concentrations represent local and regional contamination levels, the composition, length and structure of associated food webs, the age, sex, and reproductive status of the beluga, and the season and year of sampling.
M MA AT TE ER RI IA AL LS S A AN ND D M ME ET TH HO OD DS S

Samples
Samples of blubber were obtained from belugas caught by hunters from seven locations in the Canadian Arctic and West Greenland and from biopsies of live-captured belugas near Churchill, Manitoba (Table 1, Fig. 1 ). Greenland samples were stored in cleaned aluminium foil and polyethylene plastic bags; Canadian samples were stored in polyethylene bags. Samples were stored at -30 to -40 degrees C until analysed. Tissues analysed were taken from the interior of the sample by paring away the outer several millimeters. Sex was determined by the samplers. Age was estimated by counting growth layer groups in a section of a tooth from the lower jaw (see Heide-Jørgensen et al. 1994) . The summary of univariate analyses of the OC pesticide and PCB concentrations for most of these samples have been published in Muir et al. (1990) , Hansen et al. (1990) , and Stern et al. (1994) , but have not been used to determine stock boundaries or affiliations. Results for samples from Kimmirut (formerly Lake Harbour), Cumberland Sound, Grise Fiord and Churchill have not been previously reported.
Organochlorine analysis
Determinations of OC pesticides and PCBs in blubber tissues followed Muir et al. (1990) . Briefly, samples of blubber (2 g) were extracted with hexane. The extract was centrifuged and a portion (1/10) removed for lipid determination. A second portion equivalent to 100 mg lipid was chromatographed on a Florisil column to separate PCBs, chlorobenzenes, 4,4'-DDE and Mirex (all in the hexane fraction) from most toxaphene components, chlordane-related compounds and 4,4'-DDT (hexane:dichloromethane; 85:15). A third fraction (hexane:dichloromethane; 1:1) contained heptachlor epoxide and dieldrin. Samples were injected (splitless mode) on a 60 m x 0.25 mm i.d. DB-5 column (film thickness 0.25 mm) with H 2 carrier gas (Muir et al. 1990 ). PCB's and OC pesticides were identified and quantified with authentic analytical standards as described previously (Muir et al. 1990 ). All samples were analysed at the same laboratory (Freshwater Institute) between 1988 and 1996.
More than 100 OCs can be separated and quantified from extracts of marine mammal blubber by high-resolution capillary GC (Duinker et al. 1989 . We selected a subset of 64 compounds representing 24 OC pesticides and metabolites and 40 PCB congeners. The major criterion for selection was that these compounds were consistently detected in all samples, avoiding the problem of missing data. The second criterion was that co-eluting components were avoided as much as possible. A series of preliminary analyses was carried out as a data investigation step. The first investigative step determined if a sampling location represented one natural grouping or a mixed sample. The status of each of the locations was determined by running the CDA and then using the component loadings to select OC compounds that were correlated with variation captured by that canonical axis. Then the concentrations of these compounds were plotted and compared within sampling locations and examined for possible mixed stock samples.
Statistical analyses
The final comparisons were made for the sampling locations in two ways. The first was to perform a CDA using all the samples and then to discriminate based on these canonical variates. The second was to remove one sample from the CDA and then classify it based on the canonical weights determined from the remaining samples. This was to determine the power of the discrimination for small samples.
In addition to examining all sample locations over the broad geographic range, CDA was used to examine the variation within smaller geographical areas. Divisions were chosen by combining neighbouring sampling locations using hunter-based (Remnant and Thomas 1992, Thomsen 1993) and science-based summaries (Richard et al. 1990 , Heide-Jørgensen 1994 .
R RE ES SU UL LT TS S
Univariate analyses
Each of the 64 OC compounds (or co-eluting PCB congeners) ( Table 2) had at least one significant difference (greatest difference was significant at P < 0.005) between sampling locations. Nearly all had significant main effects associated with sex or age of the beluga from which the sample was taken. There were 650 location to location significant differences out of the total of 2,730 comparisons, considerably more than the 137 significant differences (19.5 per community) expected by chance (P = 0.05). Generally, the concentrations declined from Kimmirut (193 significant comparisons), to Sanikiluaq (165), to Cumberland Sound (106) and West Greenland (103); 5 to 10 times more than expected by chance. Western Hudson Bay and Nastapoka River Estuary samples had only 7 and 17 significantly greater concentrations of OC compounds in the location by location comparisons, less than expected by chance (Table 2) . No difference was found between the number of significant differences for the pesticide residues in relation to the PCBs (χ2 = 0.3, P > 0.5, df =1). Sixteen of the compounds had either zero means for one or more of the locations or were combinations of compounds. These were excluded from the multivariate analysis leaving 49 compounds for these analyses (Table 3) .
Beluga from Kimmirut were significantly older than beluga from all other sampling locations ( Table 1 ). The mean age of beluga sampled in Cumberland Sound was not different from that for the samples from Sanikiluaq, but was greater than for samples from all other locations except for Kimmirut. Mean ages of beluga from Western Hudson Bay, Nastapoka River and Sanikiluaq were not significantly different from each other. The mean ages of beluga from West Greenland and Grise Fiord were similar to each other, but significantly less than those from all other sampling locations.
Multivariate analyses
The initial Canonical Analysis differentiated samples from Cumberland Sound collected and analysed in the 1980s from those taken and analysed in the 1990s, and was strongly correlated with much lower cis-nonachlor concentrations in the 1980's samples. This difference was due to small refinements in analytical equipment and methods. In the 1980s the cisnonachlor partially coeluted with other OCs but was fully separated in the 1990 analyses. To account for this difference, the data set was reduced to samples analysed in recent years on the same equipment with the same methods. Samples from each of the sampling locations appeared to be a homogeneous group with no obvious mixtures of two or more groupings. Greenland which were separated from Kimmirut (Fig. 2) .
The first Canonical Axis was strongly and positively correlated with mirex (r = 0.71), C (r = 0.66), CB194 (r = 0.63) and CB199 (r = 0.61). Grise Fiord (13 ng/g), Nastapoka River estuary (7 ng/g) and West Greenland (4 ng/g) which were not different from each other. Similarly, for trans-nonachlor, Sanikiluaq (2,117 ng/g) was significantly greater than Kimmirut (1,502 ng/g) and Cumberland Sound (1,230 ng/g) which in turn were greater than West Greenland (976 ng/g), Grise Fiord (764 ng/g) Western Hudson Bay (623 ng/g) and Nastapoka River estuary (434 ng/g).
Canonical Axis 2 was most strongly correlated with CB114 (r = 0.54) with a low standardised canonical weight (0.21) and was moderately correlated with cis-nonachor (r = -0.37) which had a high canonical weight (-1.35). Canonical Axis 3 was most strongly correlated with CB42, P5CBz, CB194 and cis-nonachlor (r = 0.47, -0.40, 0.37 and 0.37, respectively). Of these, only cis-nonachlor had a high standardised canonical weight (-0.31) ( Table 3) .
The canonical values, the composite values for each sample, had highly significant sampling location treatment effects (P < 0.001), but none had a significant sex related treatment effect (Can 1: P = 0.52, Can 2: P = 0.28, Can 3: P = 0.45), or age related treatment effects (i.e., 7 years or less, and greater than 7 years of ageCan 1: P = 0.055, Can 2: P = 0.81, Can 3: P = 0.41), although Can 1 was nearly significant. Again the large sample from Greenland was dominant. In some other sampling locations there appeared to be sex related differences. Samples from male belugas from Kimmirut were more negative than those from females on Axis 1; samples from male belugas from Western Hudson Bay, Grise Fiord and Nastapoka River estuary were more negative than most females from their respective sampling locations on Axis 2. However, samples from one location were more similar to each other than they were to other sampling locations in spite of any age and sex effects.
Ninety-four percent (221 of 236) of the samples were correctly classified to their sampling location. Of the fifteen samples that were misclassified, the most common misclassifications were between Cumberland Sound and Sanikiluaq, and between Western Hudson Bay and Nastapoka River estuary (Table 4) .
Removing a single animal from small samples may dramatically alter the mean of the remaining samples when samples sizes are small and, as expected, a few more (22) samples were misclassified (89% properly classified) but no major differences were found. Most of misclassifications were again between Cumberland Sound and Sanikiluaq, or between Western Hudson Bay and Nastapoka River estuary sampling locations (Table 4 ). 
Hudson Bay-Southeast Baffin Island
The organochlorine compounds examined during a single analysis were separated into OC pesticides or PCBs because of the small number of samples associated with this region (N = 67). Little improvement was found in examining samples from each location in the region compared to pooling all locations for the entire sample region, except that most (10 of 11) of the Cumberland Sound samples and all of the Sanikiluaq samples were assigned to Sanikiluaq. Three to 6 of the samples from Western Hudson Bay and Nastapoka River estuary were misclassified to the other. Eigenvalues ranged from 10.7 to 7.3 for the pesticides and 22.8 to 3.7 for PCBs. The first 3 axes explained greater than 90% of the variation in the 4 possible data summarising rotations.
There is considerable management interest about the relationship between beluga sampled in Sanikiluaq and the Nastapoka River estuary due to the threatened status of Eastern Hudson Bay beluga assigned by COSEWIC (Reeves and Mitchell 1989) . When only these two sampling locations were compared using pesticide and pesticide metabolic products, and the weightings determined from the remaining samples, none of the samples was misclassified. Sample sizes associated with this comparison were small, limiting the available degrees of freedom, so not all of the information in the OC concentrations could be used. Mirex, b-HCH, g-HCH, cis-chlordane and heptachlor epoxide were strongly and negatively correlated with the canonical axis (r > -0.76), and only T1234Bz was moderately and positively correlated with the canonical axis. The eigenvalue for the single axis was 343 (P < 0.0001), and the class means were -21 for Sanikiluaq and 15 for Nastapoka River estuary samples. Samples from the Nastapoka River estuary and Sanikiluaq had the same relationship between heptachlor epoxide and b-HCH, but the sample from Nastapoka River estuary had lower concentrations than those from Sanikiluaq (Fig. 3) . The only sample from Sanikiluaq that overlapped those from the Nastapoka River was an older female (Fig. 3) . In both sampling locations females had lower concentrations than males and concentrations declined with age. .4, and 6.0 which were significant. The first Canonical Axis was highly correlated with C (a heptachlor isomer reported by Norstrom et al. 1988) , mirex, and the CBs 144 and 149 which all had relatively high canonical weights. The second axis was correlated with cis-nonachlor and β-HCH and the third was correlated with C, and CBs 42 and 91.
Baffin Bay -Southeast Baffin Island
Samples from Grise Fiord and West Greenland were investigated further. These two locations were compared to identify organochlorine compounds responsible for the differences. In addition, there is a contention that samples from the Upernavik District of West Greenland in early fall are from a different stock from those caught in Disko Bay and south of West Greenland during late fall to spring (JCNB 1997 ) so samples from these areas were analysed separately.
Samples from Grise Fiord and West Greenland separated clearly (Fig. 4) . The single canonical axis was associated with a eigenvalue of 13.6 (P < 0.001) and was positively correlated (r > 0.4) with b-HCH and CB 114 and negatively correlated (r < -0.5) with cis-nonachlor and CB 144. West Greenland samples had more b-HCH per unit of cis-nonachlor than samples from Grise Fiord (Fig. 4) .
Samples landed within West Greenland were divided into those killed in the Upernavik Region (i.e., Nuussuaq) and those killed near or in Disko Bay (Qeqertarsuaq, Saqqaq, and Kitsissuarsuit). The eigenvalue for the single axis was 1.3 (P < 0.0002), and much smaller than most first axes in the other analyses. This axis was highly correlated with T1234Bz (r = 0.62) which had a moderate weight (0.88), and moderately (r = 0.40 to 0.30) correlated with g-HCH, trans-nonachlor and p,p'-DDD which had high weights (1.33, 1.49, and -1.57, respectively). Based on this canonical axis 96% of the samples taken near Disko Bay were assigned to this sampling location and 93% of the samples taken at Nuussuaq were assigned to Nuussuaq. The samples from Upernavik Region had higher levels of T1234Bz than those from Disko Bay area. Many Upernavik samples had up to twice the p,p'-DDD levels of those from Disko Bay area (Fig. 5 ).
D DI IS SC CU US SS SI IO ON N
The patterns or relative proportions of OC contaminants in belugas landed at each of the seven locations were so different from each other that there is virtually no chance that they came from fewer than seven different subsets of belugas. land Sound), Eastern Hudson Bay (Sanikiluaq and Nastapoka River estuary) and Western Hudson Bay (Arviat and Churchill) (Sergeant and Brodie 1975, Stewart 1994) . Within the geographic range of the samples used in this study, there are two different types of habitat usage by the four putative stocks. Belugas in the Baffin Bay stock were thought to use one summering area but then separate into two wintering groups (Finley and Renauld 1980 , Richard et al. 1998 , Heide-Jørgensen 1994 , JCNB 1997 . The belugas in Hudson Bay and the Southeast Baffin Island area are thought to use separate summering locations but one wintering area (Reeves and Mitchell 1989, Richard et al. 1990) . Even prior to this analysis, it was expected that there were more stocks than the four. It is possible, even likely, that samples from communities such as Sanikiluaq, Kimmirut and Grise Fiord are a mixture of more than one migration group.
Not all the results fit with either of these stock summaries. For example, belugas from Kimmirut were different from both Southeast Baffin and Western Hudson Bay belugas. Whales taken at Sanikiluaq differed from those hunted from the coastal communities of Eastern Hudson Bay and from Western Hudson Bay whales, indicating that they were not Western Hudson Bay whales migrating to their summer range. Not only were belugas hunted in Grise Fiord different than those hunted in West Greenland, but there was separation among Greenland belugas. Some whales hunted in Upernavik were not available to hunters near Disko Bay. These differences require alteration in the stock descriptions in the Arctic, even though they do not present a complete picture.
"Stock" is a commonly used term in fisheries management, however there are great differences of opinion about the actual definition of a stock and how it should be determined (see Brooke 1981 , Gauldie 1991 , Dizon et al. 1992 .
One important attribute of a stock is that there is an interaction between hunters or fishers with potentially exploited individuals (Gauldie 1991) and the boundaries are defined by which animals are exposed to a fishery. In slightly different terms, "stock" is the unit, in space and time, that is affected at the group level (density, reproduction rates etc.) by the removal of an individual by a fishery. While it is likely that those individuals removed by a fishery will have some biological association (i.e., deme, spawning stream, metapopulation, population, subspecies, or species), biological descriptions are not sufficient to define a stock, and are not necessary as long as each biological unit responds the same way to the removal (see Ricker 1958) .
For belugas, "stock" may be best described by the annual migration path and the hunters who have access to whales during their migration. It is then a cultural trait of the beluga (e.g., migration path), not a biological population, that defines which individual belugas are hunted by which hunters. migration routes are traditional, with a female beluga returning to them each year, with her offspring learning the migration route to and from summering and wintering habitats (Caron and Smith 1990) . The consistency of migration path is also reflected in the mtDNA evolution of this species (Brown Gladden et al. 1998 ) and the population structure of the species as determined using microsatellite markers (Brown Gladden et al. 1999) . Generally, most belugas at a summering location share similar maternal lineages and there appears to be little immigration from relatively nearby stocks. In addition, there appears to be little interbreeding among whales from different summering locations (de March pers. comm.).
Belugas that summer in the Canadian High Arctic were originally given their own stock definition based on their use of the estuaries in the Canadian High Arctic near Sommerset Island (Sergeant and Brodie 1975, Bodaly et al. 1992) . Later, belugas from the Canadian High Arctic were grouped with belugas that migrate, in the fall, south along the coast and winter off West Greenland (Doidge and Finley 1993 , Remnant and Thomas 1992 , Thomsen 1993 with some stragglers overwintering in the North Water polynya (Finley and Renaud 1980) . Based on the differences in the types and concentrations of OC contaminants found between those whales killed in Grise Fiord and Greenland (Stern et al. 1994 , this study) and between Upernavik and the Disko Bay area, a sub-division of the original stock description into at least three new stocks is required.
Satellite-linked radio tagging has suggested that most of the belugas found near Somerset Island during July migrate along the south coast of Devon Island in the fall and then to Jones Sound and remain in the North Water until at least October when most of the tags failed.
Only one beluga has migrated to West Greenland out of about 20 beluga with tags still working as the major migration of belugas passed the Upernavik Region (Richard et al. 1998) . It also appears that few of the belugas that migrate to West Greenland from the Canadian High Arctic are available to hunters at Grise Fiord. None of the 28 Grise Fiord beluga analysed in this study had a Greenlandic distribution of OC contaminants. Combining the contaminant and radio-telemetry data with the most recent survey results (Heide-Jørgensen and Acquarone 2002, Innes et al. 2002) suggests that a significant number of these belugas winter somewhere other than off West Greenland. From their contaminant load, it appears that they remain in an Arctic water mass feeding on something at the level of polar cod (Boreogadus saida) since they share similar amounts of some Arctic contaminants with belugas killed off West Greenland.
While each of the seven sampling locations was different from each other, they fall generally into three areas in canonical space along the first two dimensions (Fig. 2) . The first canonical axis separated belugas caught in Cumberland Sound, Sanikiluaq and Kimmirut from those caught elsewhere, while the second axis separated belugas caught in Grise Fiord, Western Hudson Bay and Nastapoka River estuary from those caught elsewhere. The first axis can be summarised by positive values having relatively higher concentrations of some chlordanes (C and trans-nonachlor), mirex and highly chlorinated PCBs (octachlorobiphenyls-CB194 and 199). Beluga from West Greenland had significantly greater amounts of chlordanes than Western Hudson Bay and Nastapoka River estuary. In a general way, this first axis represents a sum of contamination with the most contaminated stocks to the more positive end of the axis (Fig. 2) .
The second axis separated Western Hudson Bay, Nastapoka River estuary and Grise Fiord from other locations. It was consistent with the differences found by Stern et al. (1994) , who reported significantly greater concentrations of ∑DDTs in blubber samples from male belugas caught off West Greenland than in those from Grise Fiord and Western Hudson Bay. This second axis can be interpreted as a separation between Arctic water and non-Arctic water that summarised several differences. For example, cis-nonachlor concentrations were highest in belugas from Grise Fiord (355 ng/g) and Nastapoka River estuary (322 ng/g) where concentrations were significantly greater than those in belugas from West Greenland (170 ng/g) and Sanikiluaq (123 ng/g). Differences in the nature of the food webs of different regions will be represented in the OC concentrations of the belugas. It is expected that persistent OCs such as hexa-and heptachlorobiphenyls, nonachlor and DDT-related compounds that biomagnify in marine food chains (Muir et al. 1992 , de March et al. 1998 will be found at greater concentrations in animals that feed on higher trophic levels. Belugas feeding on polar cod should have less of these biomagnifying contaminants than those eating Greenland halibut (Reinhardtius hippoglossoides), because small Greenland halibut eat polar cod and Greenland halibut live much longer than polar cod, accumulating more OC contamination in their lipids (Muir et al. 1992 , AMAP 1997 , Bowering and Brodie 1995 , Orr and Bowering 1997 . There would be relative differences between original contaminants and their metabolites depending on the species being eaten (Muir et al. 1995 , Letcher et al. 1998 . Animals remaining in the Arctic water mass would have relatively higher proportions of the more volatile OCs, which are more likely to reach the Arctic via long range atmospheric transport (Muir et al. 1992 , Wania and Mackay 1993 , de March et al. 1998 . Finally, belugas feeding in the Atlantic water mass are expected to have more OC components from European sources due to the East Greenlandic CurrentLabrador Sea transport linkage (de March et al. 1998 , AMAP 1997 than belugas that feed within the Arctic water mass (see Dunbar 1968) into which contaminants enter primarily from airborne transport, North American river systems, and Pacific water from Bering Strait (AMAP 1997 , de March et al. 1998 ).
Unfortunately, it was not possible to ascribe the differences observed between the locations to differences in diet and food web. Very limited information is available on OC pesticides and PCB contamination in the marine food webs in various parts of the Arctic (Muir et al. 1992 , de March et al. 1998 , the food eaten by belugas while they are in these areas, and the bioaccumulation and the physiological processing of contaminants in these webs. However, it was possible to show that belugas that feed in the Canadian High Arctic have higher relative concentrations of the lower chlorinated PCBs than belugas that may feed on similar webs from lower latitudes. For example, Grise Fiord belugas acquired more lower molecular weight PCBs (e.g. trichlorobiphenyls) for each nanogram of higher molecular weight compounds than seen at other locations (Fig. 6 ). This is consistent with the observed fractionation of PCBs on a global scale (Stern et al. 1997, Wania and Mackay 1993) . It is tempting to speculate that belugas at Kimmirut, Sanikiluaq, Cumberland Sound feed higher on the food web than belugas from Western Hudson Bay and Nastapoka River estuary, leading to higher levels of contamination. A similar difference has been found in walrus (Odobenus rosmarus) (Muir et al. 1995) .
Several studies have shown differences in the concentrations of OC contaminants related to the sex and the age of the beluga (Muir et al. 1990 , 1996 , Stern et al. 1994 . Depending on the ingestion rate and the beluga's ability to biotransform and excrete contaminants, the concentration of any specific contaminant can increase, stay the same or decline with age. In addition, female beluga transfer significant amounts of contaminants to their offspring during lactation (Muir et al. 1990 , 1996 , Stern et al. 1994 ) and mature females often have lower contamination levels than males of similar ages. Such differences were expected to have effects on the canonical variate analysis. This was not the case, most likely because the analysis steps within Canonical Discriminant Analysis are more sensitive to changes in the ratios of chemicals than absolute concentrations.
There were no significant increases in the number of stocks that could be discriminated using the more limited regional analyses. This was expected because such limitations reduced the sample sizes available for analyses, reduced the numeric range in concentration of the contaminants, and reduced the number of contaminants that could be compared. Within each of the regional sub-sets, the loadings followed a pattern similar to that of the combined analyses; there was one or more of chlordane, HCH, DDT, and PCB compounds that was highly correlated to the Canoncial axis and separated the sampling locations.
In the regional analyses, the separation of belugas sampled at Nuussuaq from those sampled near Disko Bay a few months later was an inter-esting result. The main difference was the much lower levels of 1,2,3,4-tetrachlorobenzene (T1234Bz) in the Disko Bay belugas which is likely due to loss of this contaminant from the belugas as they moved from an Arctic food web to the West Greenland food web. T1234Bz is a relatively volatile contaminant and would be expected to have a short half-life in marine mammals. However, the differences in T1234Bz were not the only significant difference. Belugas from Disko Bay also had lower concentrations of p,p'-DDD and a different concentration-to-age relationship (Fig. 5) . This is not likely due to a physiological process changing the concentrations of p,p'-DDD over a few months, as could be the case for T1234Bz, but more likely is related to the fact that the belugas that are available to hunters in this area occur closer to the ice edge, and presumably eat different foods than some of those belugas killed in Nuussuaq which are not available to hunters in Disko Bay.
It could also be that the belugas gained significant mass between Nuussuaq and Disko Bay without a concomitant amount of p,p'-DDD. This is unlikely because most of the p,p'-DDD appears to be from the food web off West Greenland; it occurs at much lower concentrations in beluga landed at Grise Fiord. The difference suggests that about 25% of the belugas that are available to the hunters in Nuussuaq are not available to the hunters near Disko Bay. There is also the possiblity that this group has a greater capacity to degrade DDT to DDD that is ultimately genetically related. This might be a more logical explanation given that DDD levels should not be independent but should be correlated to other DDT related compounds supplied via the food web. Segstro, all at the Freshwater Institute, Winnipeg, for carrying out the analyses of organochlorines. Support for the stock assessment aspects of the project was also provided by the Fisheries and Oceans Assistant Deputy Minister's high priority funding (1996) . The manuscript was improved by the comments from two anonymous reviewers.
